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ABSTRACT  
Objective: Fungal endophytes of medicinal plants occupy a unique habitat, highly diverse and are important sources of natural metabolites of 
pharmaceutical importance.  
Methods: The endophytes isolated from four species of Garcinia were subjected to fermentation in still culture and extracted using ethyl acetate. 
The crude extracts were screened for the biological activity through the assays such as antioxidant activity, 15-lipoxygenase/ human 
cyclooxygenase-2 inhibition, cytotoxicity, DNA nicking assay and antimicrobial activity.  
Results: Aspergillus fumigatus and Fusarium sp. were most promising amongst the endophytes screened from Garcinia spp. The HPLC and MS 
profiling of Aspergillus fumigatus anticipated the presence of the compound phloroglucinol, which could be involved in the biological activities of 
this extract.  
Conclusion: The results indicate that some of these endophytes isolated from Garcinia plants are a potential source for bioactives and could be 
further exploited to foster the identity of the novel molecule.  
Keywords: Fungal endophytes; Secondary metabolites; Antioxidant activity; Antimicrobial activity; 15-LOX; Human COX-2; DNA protection studies; 
Cytotoxicity; RP-HPLC; MS. 
 
INTRODUCTION 
Natural products are metabolites derived from nature viz., plants, 
microorganisms, or animals. Plants have been the major source of 
these compounds and are being exploited for human use for many 
years [1]. Bioactive compounds from natural resources have 
constantly been of immense importance to researchers working on 
several diseases [2]. Even though early drugs appeared from plants 
viz., aspirin from willow tree, morphine from poppies, digitalis from 
foxglove, synthetic drug discovery has largely moved beyond natural 
products. Most of the cancer therapeutic drugs are derived from 
natural sources [3]. However, the loss of biodiversity reduces the 
raw material supply for the discovery of potential medicines. Hence, 
several recent studies have led to the breakthrough of significant 
plant secondary metabolites from fungal endophytes, thus hoisting 
the hope of using them as alternative resources for bioactive 
metabolites [4]. 
Endophytes colonize internal tissues of all plant species and are 
highly diverse in nature. Fungal endophytes produce various kinds 
of secondary metabolites, which have bioactive potential such as 
antioxidant, anti-inflammatory, antidiabetic, antitumor, 
antimicrobial properties [5, 6]. A current comprehensive study has 
specified that 51% of bioactive metabolites isolated from endophytic 
fungi were previously unidentified [7]. The spectacular discovery of 
the well known anti-cancer molecule, Paclitaxel (Taxol®) produced 
by the endophytic fungus Taxomyces andreanae from the yew plant 
Taxus brevifolia, verified that the latter being the original source of 
this vital drug [8].  
Garcinia species finds application in traditional medicine to treat 
various infections [9]. In India, the fruits of Garcinia indica known as 
Kokum have been reported to have anti-scorbutic, cholagogue, 
cooling, anti-bilious, emollient and demulcent properties. The 
kokum butter is used for dysentery and is also applied externally to 
ulcerations and skin diseases, whereas the gum-resin of G. morella is 
a hydragogue, cathartic, anti-helmintic and amenorrhoea properties 
[10]. Aspergillus, Botryosphaeria, Curvularia, Fusicoccum, Guignardia, 
Muscodor, Penicillium, Pestalotiopsis and Phomopsis spp. are the 
endophytic fungi isolated from Garcinia species are shown to have 
such as, antimycobacterial, antimalarial, antiviral, antioxidant and 
cytotoxicity activities [11]. In the present study, Garcinia 
gummigutta, G. indica, G. morella and G. xanthochymus were used for 
the isolation of endophytic fungi and the extracts of the endophytes 
were screened against antioxidant, anti-inflammatory, anti-
microbial and DNA protection activities. 
MATERIALS AND METHODS 
Chemicals and reagents 
Linoleic acid, 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 15-
lipoxygenase (soybean), 2,2’-azinobis-(3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS), phloroglucinol, catechin, quercetin, trypsin 
and MTT [3-(4,5-dimethylthylthiazol-2-yl)-2,5-diphynyl 
tetrazolium bromide], were purchased from Sigma-Aldrich (St. 
Louis, MO). COX-2 inhibition kit was obtained from Cayman 
Chemicals, Ann Arbor, USA. Ascorbic acid (AA), butylated hydroxyl 
toluene (BHT) chloramphenicol, 10% Foetal bovine serum, L-
glutamine, sodium biocarbonate, non-essential amino acid and 
minimum essential medium Eagle were purchased from HiMedia, 
India. Plasmid pBR322 was purchased from Merck Biosciences, 
Bangalore, India. HeLa (human cervix) cell lines were obtained 
from National Centre for Cell Science, Pune, India. All the microbial 
strains of human pathogens used in the anti-microbial bioassay 
were procured from Institute of Microbial Technology (IMTECH), 
Chandigarh, India.  
Isolation of endophytes 
Fungal endophytes were isolated from the bark and twig samples of 
four endemic Garcinia trees of Western Ghats, India viz., G. 
gummigutta, G. indica, G. morella and G. xanthochymus of the 
Clusiaceae family as described by Ruma et al. [12]. The bark and twig 
pieces were surface sterilized and dissected into ~0.5 x 1.0 cm. Two 
hundred bits of each species, were plated on water agar (15 g.l -1) 
supplemented with chloramphenicol (100 mg.l -1). The plates were 
incubated at 23 °C at 12h light / 12h dark cycles for 6 weeks. Each 
colony grown on the segments were transferred to potato dextrose 
agar (PDA) medium. The morphology of the isolated fungal 
endophytes was studied using Zeiss Advanced SteREO Discovery 
V20 Binocular Microscope. Identification was carried out based on 
the morphological and conidial characters using standard 
identification manuals [13].  
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Preparation of crude extract of endophyte culture broth 
Endophytic fungal isolates were grown on potato dextrose agar at 27 
ºC for 5 days. Three pieces (0.5-0.5 cm2) of mycelial agar plugs were 
inoculated into 1000 ml Erlenmeyer flasks containing 500 ml potato 
dextrose broth and incubated at room temperature for 28 days 
under stationary condition. The broth and mycelia were blended 
together and extracted with equal volumes of ethyl acetate and 
mycelia were removed by filtration through four layers of muslin 
cloth. The filtrates were evaporated to dryness using a rotary 
evaporator. The dried extracts of Acremonium sp., Aspergillus 
fumigatus, Botryodiplodea theobromae, Fusarium sp., F. verticillioides 
and Trichoderma sp. were dissolved in methanol and used further 
for the assays. 
Determination of Antioxidant Activity  
DPPH scavenging assay 
The free radical scavenging capacity of the endophytic extracts was 
determined by DPPH method described by Brand-Williams et al. 
[14] with minor modifications. The DPPH radical solution (300µM) 
was prepared in ethanol and 95µl of DPPH was added to each well of 
a microtitre plate. Different concentrations of test samples (5µl) 
were added to the respective wells. The plate was incubated for 30 
min at room temperature and the absorbance was recorded at 517 
nm using Spectra max 340PC (Molecular Devices). Ascorbic acid 
(AA), butylated hydroxytoluene (BHT) and quercetin (Q) were used 
as positive control. The results were expressed as antioxidant 
capacity (TAC) and a dose dependent curve was plotted to calculate 
the IC50 value. The values are mean ± SD of three independent 
experiments.  
The activity is represented as % Radical scavenging that is calculated 
by:  
%DPPH radical scavenging = (AC-A) X 100 
AC 
ABTS Radical Cation Decolorization Assay 
The antioxidant activity was analyzed by 2,2'-azino-bis (3-
ethylbenzthiazoline-6-sulphonic acid) (ABTS) method described by 
Re et al. [15]. ABTS was diluted in water to a 7 mM concentration. 
ABTS radical cations are generated by mixing 7mM ABTS and 2.45 
mM potassium persulfate and incubating the mixture at room 
temperature for 12-16 h in dark. This solution was diluted in 
methanol to obtain an absorbance of 0.70 at 734 nm. In this study, 
10 μl of different concentrations of endophytic extracts was mixed 
with 990 μl of ABTS solution and the absorbance was measured 
using a UV/visible spectrophotometer (Beckman Coulter, DU 730 
Life Sciences) exactly after 5 min after initial mixing. Ascorbic acid 
(AA), butylated hydroxytoluene (BHT) and quercetin (Q) were used 
as positive control. A dose dependent curve was plotted to calculate 
the IC50 value. 
Total Phenolic Content 
The total polyphenols of the endophytic extracts were determined 
by Folin-Ciocalteu method as described by Singleton et al. [16]. 
Endophytic extracts (100 μl) were mixed with 500 μl of Folin-
Ciocalteu reagent and incubated for 5 min at room temperature. 
Aqueous Na2CO3 (1.5ml) was added to solution and was mixed by 
vortexing. The solution was incubated at 37 ºC in dark for 2 hour. 
The absorbance was measured at 734 nm using UV/visible light 
spectrophotometer (Beckman Coulter, DU 730 Life Sciences). The 
results were analyzed in gallic acid equivalent using a (0-0.1 mg/ml) 
standard curve. 
Anti-microbial activity 
Gram negative bacteria, Escherichia coli (MTCC 724), Klebsiella 
pneumoniae (MTCC 661), Salmonella typhi (MTCC 733), Shigella 
flexneri (MTCC 1457); and Gram positive bacteria, Staphylococcus 
aureus (MTCC 96) and Bacillus subtilis (MTCC 441) were used for the 
assay. The cultures were maintained on nutrient agar slants and 
stored at 4 °C. These strains were sub-cultured on a fresh agar plate 
24 h prior to antimicrobial testing. 
Endophytic extracts were screened for antibacterial activity using 
disc diffusion method as described by Nostro et al. [17]. The target 
bacteria were cultured in nutrient broth and incubated for 
overnight. The overnight culture was centrifuged at 6000 g for 5 min 
and the pellet was resuspended in sterile water. The suspension of 
bacteria were plated on nutrient agar plates. The endophyte extracts 
(100 µg) were added to sterile filter discs and the discs were placed 
on the seeded agar plates. The plates were incubated at 37 °C for 16 
hour. Chloramphenicol and methanol were used as positive and 
negative control respectively.  
In vitro 15-Lipoxygenase (LOX) inhibition assay 
Soyabean 15-LOX inhibition was determined as described by Kemal et 
al. [18]. The substrate 0.2µM linoleic acid was prepared in 0.2M borate 
buffer (pH 9). Different concentrations of endophyte extracts were 
mixed with 15-LOX enzyme and incubated for 5 min at room 
temperature. The substrate was added to the mixture and the 
absorbance was measured at 243 nm using UV-Vis spectrophotometer 
(Beckman Coulter, DU 730 Life Sciences). Quercetin was used as 
positive control and methanol as negative control. A dose dependent 
curve was plotted to calculate the IC50 value.  
Human Cyclooxygenase-2 (COX-2) inhibition assay 
Cyclooxygenase (COX) inhibition was measured using a Colorimetric 
Human COX-2 inhibitor screening assay kit (Cayman, Ann Arbor, 
USA). The crude endophytic extracts were dissolved in methanol to a 
concentration of 25µg 50µg and 100µg were used for inhibition 
studies as per manufacturer’s protocol. The absorbance at 415 nm 
was measured by using microtitre plate reader Varioskan Flash with 
SkanIt Software 2.4.3 RE.  
DNA protection studies 
A DNA nicking assay was performed by using supercoiled pBR322 
plasmid [19]. Fenton reagent was prepared by mixing 30mM H2O2, 
50 µM ascorbic acid and 80µM FeCl3. Plasmid DNA was added to 
10µl of endophyte extracts (5mg/ml) and incubated at 37 oC for 5 
min. Fenton reagent was added to the solution and incubated at 37 
oC for 30 min. The reaction mixture was analyzed by 1% agarose gel 
electrophoresis. The positive control reaction contains plasmid DNA 
and Fenton reagent whereas the negative control consists of only the 
plasmid DNA, incubated for 30 min under similar conditions. The 
results were documented using XR+ Molecular Imager Gel 
documentation system (Bio Rad, USA).  
Cytotoxicity assay 
HeLa cell lines were maintained in Eagle’s minimum essential 
medium (2mM L-glutamine and Earle’s salts). The cytotoxicity was 
evaluated by MTT [3-4, 5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide] according to Mossmann [20]. HeLa cell 
cultures (5x105cells / mL) were cultured in 96-well flat bottomed 
microtitre plate and incubated for 48 h at 37 ºC in a humidified 5% 
CO2 incubator. Different concentrations of the endophytic extracts 
were filtered through 0.11 μm filters and added to the wells. The 
plate was incubated for 48 h at 37°C in a humidified incubator with 
5% CO2. MTT (5mg/ml) was prepared in phosphate buffered saline 
(PBS). MTT (10 μl) was added to each well and incubated in dark for 
4 h in CO2 incubator. The supernatant was removed from the wells 
and the plate was washed three times with Dulbecco’s formula PBS 
(pH 7.3). DMSO (100μl) and 0.1M glycine buffer (25μl, pH 10.5) were 
added to each well. The absorbances of the samples were measured 
at 570 nm after 15 min. Doxorubicin was used as positive control 
and methanol as negative control. The IC50 are the average of three 
assays with 6 concentrations.  
HPLC analysis 
Chromatographic RP-HPLC analysis of the endophyte extracts viz., 
Fusarium sp. and A. fumigatus were performed using a HPLC system 
(Waters, Milford, USA) equipped with UV-Vis detector (Waters, 
2489). The stationary phase was C18 Waters symmetry(R) column 
(4.6x250mm, 5 µm). An isocratic mobile phase consisting of 
acetonitrile: water: acetic acid :: 18:82:2 (v/v) was delivered at a 
flow rate of 1 ml/min and the elution profiles were read at 280 nm. 
Standard calibration curve was prepared using standard catechin 
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and phloroglucinol in a concentration range of 200 ppm (injection 
volume 10 µl) as described by Shen et al. [21].  
MS Analysis  
Mass spectrometry (MS-MS) was performed using a Waters Synapy 
G2 with UPLC Acquity System (Waters, Milford, MA, USA) to 
measure the mass of the metabolites of the crude extracts of 
Aspergillus fumigatus and Fusarium sp. Mass spectra data were 
acquired by electrospray ionization (ESI) in negative ion/ positive 
ion mode. The sample preparation was carried out in 1ml 
Acetonitrile + 1ml HPLC grade water + 2ul formic acid (0.1%). ESI 
was carried within a range of mass to charge (m/z) 100-1,000.  
Statistical analysis 
All determinations including antioxidant capacity by DPPH., ABTS.+, 
measurements of total phenolic content, anti-microbial activity, anti-
inflammatory ability by 15-lipoxygenase, human cyclooxygenase-2 
inhibition assay and DNA nicking assay were conducted in 
triplicates. The reported value for each sample was calculated as the 
mean and SD of three independent experiments. 
RESULTS  
Fungal endophytes 
Fungal endophytes were isolated from the bark and twigs of four 
different Garcinia spp. From the consortium of endophytes from 
Garcinia spp. Acremonium sp., A. fumigatus, B. theobromae, F. 
verticillioides, Fusarium sp. and Trichoderma sp. were selected for 
this study (Fig. 1).  
Antioxidant Activity 
Among the six extracts, 50 µg of Fusarium sp. and A. fumigatus 
extract exhibited higher DPPH activity of 72.42±2.75% and 
60.62±1.10 % respectively. The IC50 value of Fusarium sp. and A. 
fumigatus were 20 µg/ml and 42.25 µg/ml for respectively. The IC50 
for Quercetin, butylated hydroxytoluene and ascorbic acid were 
6.1±1.24, 14.46 and 32.30 µg/ ml in DPPH assay respectively (Table 
1). Six endophytes Acremonium sp., A. fumigatus, B. theobromae, 
Fusarium sp., F. verticillioides and Trichoderma sp exhibited potent 
DPPH scavenging activity. 
 
 
Fig. 1: Conidial characters of endophytic fungi isolated from the bark and twig of four different Garcinia species. (a) Acremonium sp.; (b) 
Aspergillus fumigatus; (c) Botryodiplodea theobromae; (d) Fusarium verticillioides; (e) Fusarium sp.; (f) Trichoderma sp. 
 
In ABTS radical cation decolorization assay, 50 µg of Fusarium sp. 
extract showed a scavenging activity of 97.59±0.36 % whereas A. 
fumigatus showed 58.81±1.93 %. The IC50 value for the reference 
compounds, Quercetin, butylated hydroxytoluene and ascorbic acid 
were 7.03±0.66 µg/ml, 19.5±1.01 µg/ml and 75.2±0.13 µg/ml 
respectively (Table 1).  
 
Table 1: Antioxidant activity and total phenolic content of fungal endophytes isolated from Garcinia spp. 
Endophyte extract/ Reference compounds Plant Name DPPH (IC50) (µg. ml-1) ABTS 
(IC50 ) (µg. ml-1) 
Total Phenol content* 
(mg. ml-1) 
Acremonium sp.  G. gummigutta (Twig) 120 102 4.00±0.01 
Aspergillus fumigatus  G. morella (Twig) 42.25 45 100.24±0.03 
Botryodiplodea theobromae G. xanthochymus (Bark) 125 100 35.45±0.04 
Fusarium sp. G. gummigutta (Bark) 20 16 144.23±0.01 
Fusarium verticillioides  Garcinia morella (Twig)  105 90 56.88±0.04 
Trichoderma sp. G. indica (Bark) 47 44 94.53±0.02 
Ascorbic acid  32.30 75.2  
BHT  14.46 19.5  
Quercetin  6.1 7.03  
*Total phenolic content is expressed in mg gallic acid equivalent (GAE)/100g DW 
Each result is expressed as mean ± S.D. (n = 3) 
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The total phenol content in different endophyte extracts varied 
considerably. The results are expressed as gallic acid equivalents 
(GAE). The total phenol content ranged from 4 mg to 144 mg GAE/1 
mg extract. The highest content of total phenol was in Fusarium sp. 
with 144.23±0.01 mg GAE/1 mg extract whereas A. fumigatus 
contain 100.24±0.03 GAE/1 mg (Table 1). The correlation between 
the antioxidant activity and total phenolic content of the endophyte 
extracts had a correlation coefficient of R2 = 0.905. 
Anti-microbial activity 
The extracts were most active against Gram negative bacteria. The 
inhibition zones observed ranged from 5-21 mm for different extracts 
(Table 2). The extracts of Fusarium sp. and Trichoderma sp. were most 
effective, exhibiting a zone of inhibition which ranged from 19 to 
21mm for K. pneumoniae, S. aureus, B. subtillis and S. flexneri, where as 
the inhibition zone for E. coli ranged from 10 to 11 mm. The extract of 
A. fumigatus showed zone of inhibition ranging from 11 to 20 mm 
against E. coli, K. pneumoniae, B. subtillis and S. flexneri.  
 
Table 2: Antimicrobial activity and the zone of inhibition of the ethyl acetate extracts from fungal endophytes 
Bacterial 
Pathogens 














Bacillus subtilis  5 16 11 21 15 19 27 
Escherichia coli  0 18 10 11 10 11 11 
Klebsiella 
pneumoniae  
6 20 0 20 12 21 27 
Salmonella typhi  5 0 0 11 0 16 15 
Shigella flexneri 0 11 0 16 10 21 21 
Staphylococcus 
aureus  
9 16 7 16 13 12 21 
 
Anti-inflammatory activity 
15-lipoxygenase (LOX) inhibition 
The anti-inflammatory activity was evaluated as % inhibition of LOX 
enzyme monitored as formation of hydroperoxylinoleic acid at 234 
nm (Table 3). The endophyte extract showed dose dependent 
inhibition. A. fumigatus and Fusarium sp. at 100 µg concentration 
inhibited 80.74% and 75.58% LOX respectively. The IC50 for LOX 
inhibition activity for A. fumigatus and Fusarium sp. were IC50 of 62 
µg/ml and 63 µg/ml respectively. The reference compound 
Quercetin exhibited IC50 of 1.45 µg/ml.  
Human Cyclooxygenase-2 (COX-2) inhibition assay 
The extracts were tested for its capacity to inhibit human 
cyclooxygenase-2 (COX-2). The enzyme COX-2 was inhibited in a 
dose dependent manner by the extracts. A 100 µg concentration of 
the extracts of A. fumigatus and Fusarium sp. showed 66.25% and 
62.40% COX-2 inhibition respectively. The IC50 value of LOX 
inhibition activity for A. fumigatus and Fusarium sp. were 68 µg/ml 
and 74 µg/ml respectively (Table 3). The reference compound 
Quercetin exhibited IC50 of 3.8 µg/ml.  
DNA protection studies 
Plasmid pBR322 DNA was exposed to Fenton’s reagent for 30 min at 
37oC which caused a super shift from native form (Form I) to nicked 
DNA (Form II) displaying a differential pattern in gel (Fig. 2). 
Incubation of the plasmid DNA with 50 µg of endophyte extracts for 
30 min at 37oC and further exposure to Fenton’s reagent under 
similar conditions as above, a concentration dependent shift was 
observed on the gel specifying no damage to the DNA.  
Cytotoxicity assay 
The extracts inhibited the proliferation of HeLa cells in a dose-
dependent manner. The cytotoxicity of HeLa cell lines using MTT 
assay showed an IC50 of 92.2±0.23 and 88.54±1.23 µg/ml for the 
extracts of Fusarium sp. and A. fumigatus respectively (Table 4). The 
growth rate of the HeLa cell line in microtitre plate were determined 
and analyzed by counting the number of cells in each wells. The 
reference compound Doxorubicin exhibited IC50 of 16.2 µg/ml.  
 
Table 3: Inhibition of 15-Lipoxygenase and Human Cyclooxygenase-2 by the extracts of endophytes isolated from Garcinia spp. 
Endophyte extract Isolated from 
Plant 
15-Lipoxygenase  Human 
Cyclooxygensae-2 
Final concentration of 
methanolic extract (µg.ml-1) 
Activity of 
lipoxygenase 





% inhibition  IC50 
(µg) 
Control   0.24 .10-1     
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Fig. 2: Endophyte extracts assessed on plasmid pBR322 DNA treated by Fenton’s reagent. Lane 1: pBR322 (native plasmid DNA); Lane 2: 
pBR322 DNA + Fenton’s reagent; Lane 3: pBR322 + Fusarium sp. extract (50µg) + Fenton’s reagent; Lane 4: pBR322 + Aspergillus 
fumigatus extract (50µg) + Fenton’s reagent; Lane 5: pBR322 + Trichoderma extract (50µg)+ Fenton’s reagent; Lane 6: pBR322 + 
Acremonium extract (50µg)+ Fenton’s reagent; Lane 7: pBR322 + Botryodiplodea theobromae extract (50µg)+ Fenton’s reagent; Lane 8: 
pBR322 + Fusarium verticillioides extract (50µg)+ Fenton’s reagent. 
 
Table 4: Cytotoxicity of endophyte extracts against HeLa cervix cancer cell lines 
Extracts Concentration (µg/ml) Percent Cell Viability IC50 (µg/ml) 
























































The activities have been supported by HPLC analysis. The HPLC 
chromatograms of the standard catechin and the extract Fusarium 
sp. showed specific peak at retention time 3.624 and 3.796 min 
respectively (Fig. 3a & 3b), where as the chromatograms of the 
standard phloroglucinol and extract of A. fumigatus showed specific 
peak at retention time 8.420 and 8.777 min respectively scanned on 
wavelength 280 nm (Fig. 3c & 3d).  
 
 
Fig. 3a: Analytical HPLC chromatogram of standard catechin separated on a semi-preparative RP-HPLC column. 
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Fig. 3b: HPLC chromatogram of Fusarium sp. extract 
 
 
Fig. 3c: HPLC chromatogram of standard phloroglucinol 
 
 
Fig. 3d: HPLC chromatogram of Aspergillus fumigatus extract 
 
MS Analysis  
The mass spectrometry technique facilitated to analyze the 
presence of different metabolites of diverse mass in the crude 
extracts of Aspergillus fumigatus and Fusarium sp. The MS 
spectrum of ethyl acetate extracts of Aspergillus fumigatus and 
Fusarium sp. exhibited intense peak 126.0018 m/z and 149.0143 
m/z respectively (Fig. 4a & 4b). 
 
Prakash et al. 




Fig. 4a: Mass spectra of Aspergillus fumigatus extract 
 
 
Fig. 4b: Mass spectra of Fusarium sp. extract 
 
DISCUSSION  
Endophytic fungi from plants are well known sources of bioactive 
secondary metabolites [7, 22]. Endophytes are reported to be a 
reservoir of novel metabolites with distinctive bioactivities [23]. 
Hence, screening of crude endophyte extracts is crucial for 
determining their potential for further analysis and characterization 
of bioactive molecules. Aspergillus, Botryosphaeria, Phomopsis, 
Pestalotiopsis spp. are some of the common endophytes occurring in 
a wide variety of distantly related host species [24]. Ruma et al. [12] 
reported such a recurrence with reference to the genera Aspergillus, 
Trichoderma, Fusarium, Pestalotiopsis spp. in Garcinia spp. Several 
bioactive secondary metabolites have been isolated and 
characterized from Garcinia species, few reports available on 
associated fungal endophytes and their bioprospecting [9].  
Free radicals cause damage to the cell membrane, cell organelles and 
DNA through pairing with an unpaired electron which contributes to 
a variety of pathological effects [25]. The antioxidant activity of 
Acremonium sp., A. fumigatus, B. theobromae, Fusarium sp., F. 
verticillioides and Trichoderma sp. extracts was tested for the 
antioxidant potential by DPPH and ABTS radical scavenging ability. 
DPPH evaluates the inhibition of the stable radical DPPH. whereas 
ABTS measures the loss of ABTS.+ generated through reaction 
between ABTS and potassium persulphate. Both ABTS and DPPH 
show bi-phasic kinetic reactions with many antioxidants, although 
they have difference in solubility. In the present study, Fusarium sp. 
and A. fumigatus were identified as potent sources of antioxidant 
with an IC50 value of 20 µg/ml and 42.25 µg/ml respectively against 
the DPPH radical and was taken for analysis of bioactive metabolites. 
Similar studies in the recent past have reported endophytes with 
potent antioxidant activity. Phyllosticta sp. isolated from Guazuma 
tomentosa showed potent antioxidant property with an EC50 (half 
maximum effective concentration) value of 580.02±0.57 µg/ml and 
2030.25 ± 0.81 µg/ml against ABTS and DPPH radicals respectively 
[26]. The antioxidant property is generally associated with the 
presence of phenols in the extract. In addition, phenolic compounds 
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have been reported with potent anti-cancer, anti-bacterial, anti-viral 
or anti-inflammatory activities [27].  
Endophytes produce secondary metabolites which are thought to 
bring out a confrontation mechanism to overcome the infection by 
pathogens [22]. The bioactive compound, 7-amino-4-
methylcoumarin isolated from the extracts of the endophytic fungus 
Xylaria sp. YX-28 isolated from Ginkgo biloba L. presented broad-
spectrum inhibitory activity against several pathogenic 
microorganisms [28]. Other bioactives reported to bear 
antimicrobial properties isolated from endophytes were 3-O-
methylalaternin and altersolanol A, phomoenamide, phomodione, 
ambuic acid, isopestacin, and munumbicin A, B, C, D [29]. Bai and 
Krishnakumar [30] reported the antibacterial effect of different 
solvent extracts of marine microalgae Tetraselmis suecica against 
selected human pathogens such as Vibrio cholerae, Klebsiella 
pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Salmonella 
sp, Proteus sp., Streptococcus pyogens, Staphylococcus aureus, 
Bacillus megaterium and Bacillus subtilis. The results of the present 
investigation on antimicrobial activity revealed a broad spectrum 
antibacterial property. The extracts of Fusarium sp. and Trichoderma 
sp. exhibited potent antibacterial activity both against Gram positive 
and Gram negative bacteria. 
The biosynthesis of leukotrienes (LTs) is catalyzed by a family of 
non-heme iron-containing dioxygenases viz., Lipoxygenases (LOXs) 
and Cyclooxygenase-2 (COX-2) which are reported to be initiators of 
inflammation. The inhibition of production of LTs by inhibiting LOX 
/ COX-2 could alleviate the state of inflammation [29]. In the present 
study, the endophyte extracts of A. fumigatus, Fusarium sp. and B. 
theobromae showed potent 15-LOX and as well as human COX-2 
inhibition. LOXs are perceptive to antioxidants as they restrain the 
formation of lipid hydroperoxide by scavenging lipidoxy- or 
lipidperoxy-radicals and decreasing the concentration of lipid 
hydroperoxide involved in the catalysis of LOX [31]. Earlier evidence 
exists on the presence of dual inhibition of LOX and COX enzymes for 
the efficient management of inflammatory disorders [32]. 
Earlier reports verifies that reactive oxygen species plays a critical 
role in skin damage, aging and neurodegenerative diseases [33]. The 
present study reports that the extracts as low as 50 µg/ml had the 
capacity to scavenge the .OH radicals produced by Fenton’s reagent 
protecting the pBR322 plasmid DNA. An absence or reduction in 
Form II recorded indicated a notable protection offered by the 
endophyte extracts. Fe2+, the vital catalyst which generates free 
radical-driven ROS by Fenton’s reaction has the potential to directly 
interact with DNA bases and results in DNA damage. The majority of 
the anti-cancer agents act by quenching the free radicals or by direct 
interaction with the DNA. The present study clearly suggests the 
protection of DNA by the endophyte extracts. All the five endophyte 
extracts prevented DNA damage as evident in the agarose gel except 
for the extract from Acremonium sp. 
Screening of plant as well as endophyte extracts for cytotoxicity has 
been a long eminent concern in the discovery of cancer curatives. 
The crude organic extract of the endophyte, Chaetomium sp. isolated 
from Salvia officinalis was proven to be cytotoxic against L5178Y 
mouse lymphoma cells [34]. In the present study, amongst the six 
endophyte extracts tested for the antiproliferative activity on HeLa 
human cervix cancer cell lines, A. fumigatus and Fusarium sp. 
showed most potent activity. The ethyl acetate extract of the 
endophytic fungi, Hypocrea lixii VB1 isolated from mangrove showed 
strong anticancer activity for Hep2 and MCF7 cell line in vitro [35].  
HPLC profiling of the extract of Fusarium sp. and A. fumigatus, was 
compared with the standards catechin and phloroglucinol. It is 
expected that the activity observed by the extracts could be due to 
the presence of these molecules. Earlier, Shen et al. [21] identified 
two lanostane type compounds i.e., dehydrosulfurenic acid and 15α- 
acetyl- dehydrosulfurenic acid using HPLC. In addition, Catechin, a 
phenol was reported with biological activities viz., lipoxygenase 
inhibition [36], antibacterial activity [37] and anticancer properties 
[38]. Whereas, Phloroglucinol, a benzenetriol have also displayed a 
vast array of biological activities which includes antifungal property, 
cytotoxic effects against various cancer cell lines [39]. Kang et al. 
[40] reported that phloroglucinol exhibited ROS scavenging activity, 
promoted cell viability, inhibited H2O2 induced apoptosis, activated 
extracellular signal regulated kinase (ERK) protein, and also 
enhanced the catalase activity.  
Mass spectrum analysis of the extract A. fumigatus led to the 
conclusion that there may be the presence of the molecule 
phloroglucinol with a mass of 126.0018. Wicklow et al. [41] detected 
pyrrocidine B by LC-MS-MS in whole symptomatic maize kernels 
removed at harvest from ears of a commercial hybrid that were 
wound-inoculated in the milk stage with the endophyte, Acremonium 
zeae.  
CONCLUSION 
Endophytes have verified to be rich sources of novel natural 
compounds with a wide-spectrum of biological activities [29]. This 
study clearly demonstrated diversity and bioactive properties of 
endophytic fungi inhabiting Garcinia spp. The fungal extracts 
revealed their potential as a source of antioxidant, antiinflammatory 
and antimicrobial inhibitors which could have a role in the 
development of drugs for treatment of a wide spectrum of diseases. 
The endophytes could be further exploited to identify a novel lead 
molecule and use to develop the analogues.  
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